Field trials were undertaken over three years to determine the effect of tine weeding in organic wheat (Triticum aestivum) crops in Canterbury. The tine weeding treatments were performed either as single or repeated passes at different times of crop growth. Pre-emergence tine followed by an early post-emergence tine at the 3-leaf stage gave the highest reduction (93%) in weed biomass. However, grain yield of wheat was not significantly affected by tine weeding treatments in any of the experiments.
INTRODUCTION
In organic arable crops in New Zealand, weed control during the season relies mainly on tine weeding with spring-tine harrows. However, the impact of tine weeding on weeds and crops is not well defined. Information about the response of crops and weeds to harrows at different stages of growth can be used to optimise their use for mechanical weed control in organic systems or even as part of integrated weed management in conventional systems.
Very few studies are reported on mechanical weed control in New Zealand. Stiefel & Popay (1990) studied the effect of tine weeding in cereals. They reported reductions in weed density as much as 80%, without crop damage, from two passes of a tine weeder. Reddiex et al. (2001) compared tine weeder, spoon weeder and inter-row hoe in four crops and found that the performance of these tools depended on the crop. Overseas reports indicate the need for more research on timing and frequency of harrowing for mechanical weed management (Rasmussen 1991; Welsh et al. 1997) . Barberi et al. (1999) studied the effect of finger harrowing in durum wheat (T. durum) and found that it only gave comparable yield with chemical control when weed pressure was low.
This study was undertaken to compare different times and numbers of tine weeding in commercially grown organic wheat in central Canterbury. This report follows a previous paper (Dastgheib 2003) and summarises the results from three years of study. 
METHODS

RESULTS
Effect of tine on weeds in 2001 and 2002
The site of the first year experiment in Rakaia was very weedy with an average of 444 weeds/m 2 in the control plots. Pre-emergence tine weeding alone caused 66% reduction in weed density, while the combination of pre-emergence + late post-emergence was the most effective treatment giving a reduction of 82% (Dastgheib 2003) . The other two experiments during 2001-02 showed that early post-emergence (2-3 leaf-stage of wheat) tine weeding was more effective in weed control than late (5 leaf stage) post-emergence.
Effect of tine on weeds in 2003
At Rakaia, weed infestation was patchy with most weeds in the front portion of plots along a pivot track. The major weed species up to October were chickweed (Stellaria media), fumitory (fumaria officinalis), spurrey (Spergula arvensis), shepherd's purse (Capsella bursa-pastoris) and field pansy (Viola arvensis). Later on fathen (Chenopodium album) became the dominant weed especially along the edges of the field.
On 29 August, weed density was significantly lower (53%) in plots that had a pre-emergence tine weeding compared to the control plots (Table 1) . At the second measurement, early post-emergence and pre-emergence+early post-emergence tine weeding showed significant reductions in weed density. The only treatments with significant reduction from the control at the third measurement were pre-emergence+early post-emergence and pre-emergence+late post-emergence tine. Late post-emergence weeding on its own did not control large weeds, but following a pre-emergence or early post tine, it had some effect, as the weeds were smaller. Measurements of weed biomass in November showed significant reductions by all tine weeding treatments (Table 1) , with the greatest reduction of 93% in plots receiving both pre-emergence and early post-emergence tine weeding. At Aylesbury, the major weed species were shepherd's purse, spurrey, mouse-ear chickweed (Cerastium fontanum) and fathen, with annual poa (Poa annua) and clover (Trifolium spp.) also present. Approximately 200 weeds/m 2 were counted in control plots. Early post-emergence tine weeding caused a reduction of 50% in weed density when measured three weeks after operation (data not shown). Weed density in these plots remained significantly (P<0.05) lower than the control six weeks after tine weeding. Late post-emergence tine weeding did not result in weed control on its own, but when performed on plots with a previous tine weeding, it gave a significant (P<0.05) reduction of 30% in weed density.
Growth and yield of wheat crops
On average, post-emergence tine weeding at 2-3 leaf stage caused between 12 to 18% mortality in wheat plants, while tine weeding at 5-leaf stage showed only 5% crop mortality. Grain yield data from four experiments presented in Table 2 showed no significant differences between treatments. Grain yield in Dunsandel was extremely low due to poor establishment of the crop and invasion of perennial weeds later in the season. The site in Aylesbury was rainfed and serious drought conditions in the summer of 2003 resulted in low yields. In 2003, at Rakaia, there was a yield increase of 1.7 t/ha in pre-emergence+early post-emergence tine compared to the control, but this was not statistically significant due to variability in data. 
DISCUSSION
The results over three years showed that early passes of tine weeding control weeds better than late passes but also cause more crop damage. To compensate for the loss, a higher sowing rate than recommended for conventional crops should be considered. However, a good wheat crop is able to tolerate some loss without yield penalty. The trials in 2002-03 clearly demonstrated the importance of crop vigour in weed suppression when two contrasting situations were compared (Dastgheib 2003) . A sound weed management strategy should, therefore, include practices for best crop husbandry to encourage crop growth and development.
Pre-emergence tine weeding at Rakaia gave 53% reduction in weed density as measured early in the season (Table 1) , but new flushes of weeds appeared in these plots. When a pre-emergence tine was followed by an early post-emergence tine at the 3-leaf stage, the low weed density was maintained throughout the season. This treatment also gave the highest reduction (93%) in weed biomass when measured towards the end of the season.
There were significant increases in wheat growth due to early tine weeding when measured in mid-season (Dastgheib 2003) . However, the results from all experiments indicate that in most cases tine weeding does not improve grain yield (Table 2) . This is mainly due to the excellent ability of wheat to compete with annual weeds once the canopy closure starts. In contrast to wheat, peas showed significant yield response to tine weeding treatments (Dastgheib 2004 ). Previously, Stiefel & Popay (1990) and Welsh et al. (1997) reported no yield increases in wheat following one or two passes of tine weeding. Further, an analysis of 59 wheat crops in Canterbury revealed that (chemical) weed control was likely to be uneconomic in 24% of the fields (Bourdôt et al. 1996) . Nevertheless, a statistically non-significant increase of 1.7 t/ha in grain yield achieved in Rakaia in 2003, by two passes of tine weeding at pre-emergence+early post-emergence indicates a promising treatment.
